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Introduction

General
The requiremicent for nuclear hardened equip-

mncilt and sx'stcms creates a nwV an1ld Unique
challenge for all developers of ncw systems. At the
Naval Surface Warfare (enter (NSWC), a solid base
of technology exists for hardening strategic anid
tactical systems.

This brochure describes the nachines nId facili-
ties available at NSWC for coLIducting initial
nuclear radiation (INR) anid 'Transient Radiation If-
fccts on Electronics (T'REE'I') experiments and tests.

The facilities at NSW( are primarily dedicated to
the study of the effects of prompt gamImall1l and
x-rays on electronic components. circuits, and
Cequipment. Both tactical and strategic electronics
ma! be tested at NSWC. The facilities featurc a
complete range of flash x-rty and pulsed electron
beam machines including the )efense Nuclear
Agency's (I)NA) Casino and P'hoenix machines. A
2 (000-Curic Co6() source is also available for total
ionizing dose tests on components and small
circuits.

The majority of the facilities described in this
brochurc are located in a two-building nuclear ef-
fects complex located at the White Oak, Maryland.
laboratory wvhich incluLKeS the Navy's NleaCIr \'ull-
nerabilitv and Hard' ing Building and the l)NA
El'cctronics Hardening Building. The facilities may
be used by any agency of the U'.S. Govcrnmecnt
alid by commercial companies engaged in 1nleCl ar
effects work for the l)epartment of l)efcnse (I)ol))
(see ''Using Facilities,'' Page 1).

Army-Navy Radiation Effects
Test Consortium

NSW(C and I llrrv D)iamond laboratories (DI)l,
hal\ entered into all agreement to form a joint
Armv-Na Nv Radiatio In Effects 'lest ( onsorti lim '[he
following facilities are part of the consorti um:

* T'he l)NA Aurora Eacilit 111)1H

* The l)NA ( asino aed P'hoenix lacilities,
N S \\'(

* Ihe Arnm IIIX lFicilit\, 11)1L

* 'IThe Nav Radioactivc Materials Ilandling lib,
NS( '

* 'T'he tw'o Fcbctron ')5s, a Cobalt-6() Source
and an NSWC Febctron '06, NSWC

'[he consortiuimi was formed to establish a (enter
of Excellence for radiation effects testilig and to
better serve the users of the facilities. NS\W'C anid
Ill)1 xvill cooperate to scIhedule CUsers plhilining to
use facilities at both sits. 'IThe joint resoulrces ol
the two organizations Wvill be uISCed to better Meet
tile Users' n1eeds an to 1advac tile st ItA-( -tIh-alt
of radiation effects testing. QuestiolIs concerning
taking advantage of the services offered hb the
consortium11 call be answered by calling either 111)1
on 3() I -39 i-2290 or NS\\C (on 30) I -39 -I 209.

Simulators
Flash x-ray nimach in is the nialmie commonh lva-

plied to that familyv of radiation generators that
producC a111 intense, very short pulst of photons in
the gamma or x-ray portion of the electromagnetic
spectrUrn. 'th radiative output of these macIlinICs
is produced by stopping a pulsed beam of high
energy electrons inl a high Z-matterial, t vpicall , tin-
talum or tungsten, and is called brninsstralihilig
radiation. '[he electron beam is normally generated
by discharging a capacitor bank, such as a Marx
generator, into aI pulse forming network, uSuLIIIa a
large coax line, and then Switching this cncrgp
into a cold cathode field emission diode. The
resulting electron purIsL' is normally in the 3 to
0--nanosccond regime antd mat\ contain a\vlvLhre

fronm a fexy jOUICS to several hIunLIdrd kilojo lIcs of
einerg depending on the size of' the machine. Thle
discharge of this muLIchI einergy in nanoscco nds
rsulits in power generation ranging from billiolns
to trillions of wvatts. IThe (jon\ vrsioni of tthe ele.-
tron pulse into a gamimia or x-ra% p)tulse is vr\ in-

etfic ieint %% itili h()i aicw t iess than 2 p'.ree nt f tllhe

electron beani cncrgp appt'aring as, elctcroniagne-t i
radiation in the gamma antd x-ra! regimne

* The DNA/Na'y 'T'AGS Facilit', NSWC
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Simulation Fidelity
'[he spectral distriblution of' the photons

pr)oduced by the flash x-ray machines is a1 function
(If the vIltagC used to gencrattc and accelerate the
electron m Ibam 'I'h spTSctral distribution of' the
photons produced bh! the br-nisstrahlung process
wvill have an intensity inMctrsel lproiportionlal to the
eletCron energy. As the photons travel through the
target and the deb ris-catcher materials, this distri-
bUtion Will he modified (lnc to absorption,
ftiuolrescensc. and atItenatI.Mion in the materials. 'I'he
peak of the x-ray or ganmima ray populatioll Cxitilig
the debris-ca.tchcr will occur at an energy level
around 1/5th of' thc peak electron beam energy.
For example. ift the electron beam is a I McV
nlon(Itonic beam, the photon peak wvill occur
around 2t)t) kcV.

In the x-ray regime. the effects on electronics
ire uIsully very sensitive to the energy

(wavelength)* of the x-rays. It is important, there-
tore, that x-ray effects vork be conducted with a
radiation spectrulm that represents the actual en-
vironient as close as possible. The spectral fidelity
required for gamnmna ray effects testing is far less

demanding since the effects are generallI insensi-
tive to photon energy over mucILh of the gamma
ray spectrum.

'Ihe radiation pulsC width is also an integral part
of simulation fidclity since effects generally fall
into two categories, dose rate limited and dose
limited, It is important. therefore, to have a broad
range of radiation pulse width options availab le for
effects experiments so that rate sensitive phcnomie-
non can be observed.

hI'cl wavelength of a photon is relatcd to its cncrgp by (he
*quiition (m) = 1 2i xI 1( `)/1 (NMc\ )

Facility Overview

'[he family of machines at NSWC have been or-
ganized to provide the experimenter with the best
prompt gamma and x-ray simulation fidelity availa-
blc. They offer the experimenter a wvidc range of
output levels, spectra, and pulsc widths for INR
and TREE testing at all levels of the electronics
hicrarchy. Table I lists the machines available at
NSWC and describes the radiation effects tasks to
which they are best suited.

Ttile) 1 NSIi. Rtidicitioni Silulitors

NM)l)Il. RAI)IAIl'I()N P(P 1 R H) YJ I PRIMARY ISF
1O" \\ mlt,,) (Io ' Sl)

WIcTti-ol i 06 i i A AI- Propi X :Pt id ganin ina ra i tests onl small part,
aind t actiical radiaiOll dit ctors.

Ichcitrill t) (,nilhil. 2) '(- 2A P'roimpt gamma ray test,, onl straitegic and tacti-
cal parts, cirCliOS. Allot hoards

Itchclron ()AX -O\(,nIa 3) '0- ' I'rompi gaimima ra\ tests onl szratagiC aIld t~ttia

LAl parts. Lirciits, and hob trd,

1'MIS (,311 i1ii. 18) >2 io t'ririmpt ganni a ra\ tists c Il icti CAl cLiipiflciM-
and largc circuit hoiards

I aimi N ra All) _0 )I)I'rimXlli \- c tists 0lIl otiaiCIgic lpic(c parst

I'llo(~lix I )-\ ]A% t4t)& OOO ()10 ( Prompt \ ra! test, oll >IlUh>>zlIViNIC. rircLuiti
midt Im ri, for stimctegic !hell

t h.Ihu 0}0 'j1ililla I oI Al 0iliI/IlIg ICM lIg Of 0oli11)(11t.III~ l l 111.131

,ir. ulit,
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Descriat/on

Phoenix
The DNA Phoenix machine is the largest

machine at NSWC. P'hoenix is a low-voltage flash
x-ray machine wvith a nomninal pulse width of -so ns
to 6() ns. The electron beam energy can he varied
from I MeV to 1 .5 NieV. At the higher voltage,
Phoenix generates about 200 kJ of beami energy
and converts this energy into an areal weighted
mIea;nl (lose of 30 krads{Si). over a 1000) ciil' area.

at a close rate of 5 x tol) rads(SiO/see. The lnormal

rate for P'hoenix is two to three shots per eight-
hour day for a typical experiment. '[he Phoenix is
supported by a comnpuLerized system which p"ro-
vides a full range of machine and experiment diag-
nostics (see Instrumentation, Page 18). A drawing
of the Phoenix machine is shown in Figure I and a
list of its output characteristics is shown in Table 2.

The Phoenix machine is ideally suite(d to thie
testing of strategic missile electronic assemblies and
some of the larger components used in these
weapons. The' Phoenix source is about 8.9 feet
above the exposure room dloor. A large seismic
pier is located in the floor on the center line of
the Phoenix machine. A large test fixture can be
mounted to the seismic pier to raise inertial
devices and gyros tip to the source for testing. For
normal electronics testing. an elevated plattorm is
used to hring experiments and personnel up to the
source.

F'ig're 1. Phoenix .Situ tlututr

Itt/ibe 2. P'hoenix Output tititi Operating
(.hti racterfistics

BREMSSTRAFIL.IUNG CHlARACT'lEkRISTICS

ARVA te11n)
1),, > (1.S) I OO1)O) I l),0\l)

ARI{A-' l'l' l11) 11, ,, s1 tl )
.MIAN lDt )SE

krutd Si) ISSi3

A\RIA-\NX F(111TI.D) iB, I x I 11
MEAN DI()SI' RAiI'I

rsta ISii/' Iti 5 x I' X 10'

VIA. VN(i1 15 , 1) 2 102

cal/tcnI Ii I I) Ii I

MAXIMS N i1'N1 i3 , tI 1
I))DO1 '

kraid (Si) iS, ii

MAXIMt'M S, 2 x 1)"1 2 x H0)"'
DOSE RA' *T_

rAd 45i '/s 11, - x IIOI- x n'

liN\'tR SI(INIi(F N i A I1',.s swl I.I R \Hi A IIx" Sii\\ N Iso)
DO(SE (:A'REVs AN Xii.ABIi. I S ON Rl(Q) ES I-RlM FA( II I i
MA .N A(i HR

-X -R.X' PS 1-1KV IIM 11 ) (-ll ns
-RiSt' 'I'ME: 25 ns

SOURCE GEOMETRY

* M()I'R(I. IS 8 59 i' I515E\V [ Xi I1(1)()R

OPERATIONAL INFORMATION

* I'RoK l III) 2 i't I 5 Ii 'S I'l:R iA I

DOSIMITRY/1)IA(,GNOSTI(5S
(FOR PiIOENIX AND (CASINO)

* 5511)1. VAKiE I N 1 DIA)N1) 11S i S A.\\ .XIiAsi I I 15)1-i)
I1(1 I SIR s 'IH DS HiE t lNSIi1t D i ( spil -1,1 R S 11) WI

111IHt I K( IA?:l :S

* i'!:\I, .1 )IA 1-) \ I A`s D () I III 1 1s( h I I N Il 1'1"R I

AX\ Sl[I -i.lI
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I NSIR I'K 'NTIIATI I0N
(FOR PlII(INIX ANI) CASINO)

1b11l) .3. Casino Output and Operating
(Chal-actelristics

* (. .(N\l') I 1l) DIS5II) I) \ IA(,(1) 1( )N ST I M
i\Sj 'X(i( 1 111(( I IlKI KI NIX -92 1D11 ItI R5 :ND)

sIN FM, -()()I . SIRII (1) 11.1 FS(A(i'I.S: X ASl [.1 (RO)
I)1(,1 I /I1IS : N) 2 ' SI ( )iN II RO( N (,11,\\\ N I.S

* I111)1( I IID RH X II 1I )I1 5 51i I I It

* SHSMI\11( 1}4I'll

* W\11 \(J \1 li ( I ) t i6r3( 11 ) 1 1 1 1 1.1)I1 1) I I'S I .

Casino II

(a.;silno is desigIned to siulalI1.Ite the effeCts of
x-raNvs ol electronic components. Ill the x-rav
I110oLC, ( .asi() p)Io0duIces a dLoSC of approximatelN
100 kr'lds(Si) o 1er I() Cl)

2 n1111 delivers I dlose rate

greater tlan 1 .5 x 1012 rads)s(Si)/sce at the face.

(.lsillo 'S eetie pulse duiration runs between 50
to () lls ill the x-rav' modc wx ith at total cnergp of
approximately 10 kj at 0.8 M.V. When Casino is
operated ill eh ea 'bC;lm nIIeId (i.e., Withlout a1
hremsst rah I uing conlcrtcr), the machine elnl deliver

(0 kl of elctron eilergy per pulse. Additional out-
Ptlt informar~ltiotin and operating characteristics are
prtsented ill '[able 3 along with a sketch of the

I I 10 machine (Figure 2).

BREMSSTRAIHlJNG CHARACTERISTICS

Arcao (cm112)

(1,,,,1, ,, > ().5) I() I (I)( 1,()())

ARIA-\X EI(,1I'I'I)
,II:AN D)(SI Ei I 1( I
krald (Si)

ARIZA-\XTIGI(I1 1:1')

MIEAN I)(SI RA'I' 13,, I.i x 101 I x 2H 2 x 101'
kraid (SWS/

XIAXIII NMI
I)(52 l1,, 18)) 1 5 _

kraid (Si)

MAXIMI \I
D)OSI RAIEI* II,, 2.0 x 02\' 2.2 x 1)01' 2.9 x IO

rall ISi)/_

*)0VER SIGNIFI(AN't'l.N SMAllER AREA 'IIIAN SIHO\NN ISO-
I)(ISE (t R'ES AVAII.l.1i. I' PON RI [SI' FR(T I FR.OM lI.l'I'T
MANA(,IR.

-X-RAY PULSE FUl.L WIDTH HALF MAXIMt'M (I)WHM) 50-'(l ns
-RISIE 1.ME: -() ns

El.ECTRON BEAM MODE

'I'AR(,I.' AREA

.111

8-l1
, I gill I( )

MAXIMI NM
D)O)ISE RA'I'

1.2 x I0'
.:i gill I( I ,

I Nll:()RMI'I' N

0 l l

- I IlIFNI INN I\I - i
\1 V .NU11( (1 1) I -i 1F : ') k(.I

.S()l R(:l GEO()MET'lRY'

MAXIMl '.M
IM1AM ('I'RRENI'
k A

\).ANIXi) LI
I Rflt\ I'

I)ENSI'I'FY

A il1-

I Nl R(OY

1:1.1 N N( :

'..,1 Ill

I() I\], I I \1
i \ i R( I)

INR

\1I\\1 (11 ( I \W
I '\[R(,)

,1_-
Ml, \

i3)

* ) Rt 1]4( 1 (I 1, IS IN( 111S NIII30\ 1N IANR I I0()1

lFi0ll(m . (. Cisin .%imithlaor
OI'FRA'I'IO)NAI. INFORMATION

* 0II IAI (I'll k I (10\N * I0) SIl( (IS P'I 1)R )

(
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NWE simulators with Casino s x-rav spectrum
and intensity art rare. Casino offers the ex-
perimenter an intense x-ray exposure and good
spectral fidelity, with a tolerable pulse Width. The
machine is particularly Well suited to the studV and
testing of spectrally sensitive phenomenon such as

thermally generated effects and systcm generated
electromagnetic pulse (S(; lG'P) an1td is especially
well suited to the testing of strategic components
used in reentrr v ehicles.

The Casino exposure artea is unrestricted and can
accommodate a large variety of test fixtures. 'IThe
machine can deliver four shots in an eight-hour
day and is supported by an excellent user and
m1lachine diagnostics system.

TAGS

TAGS (TActical Gamma ray Simulator) is a joint
DNA/Navy flash x-ray machine which is specifically
designed to test full size tactical electronic equip-
ment in the prompt gamma environment.

TAGS generates a *I .5 %1eV bremisstrahlung Spc-
trum and produces approximiately I x 1)"'
rads(Si)/sec over an area about the size of a stan-
dard piece of' rack-mounted equipientil.T '' l'( T S
pulse Width is nomiailly1IN '5 to 3() nn n1s1 coCIs.
The TAGS exposure s area spectrumLI. pulse idth,
and dose rate are idLe;lly suited to the chitractCriza-
tion of tactical proto tpCs and existi ig equiplentcl
and for the verification testing of hardened,(i equip-
menlt. The Complete electronic packages of mIlost
tactical missiles cal be tested in 'I' ( S inl sitl.
TAGS is the result of an eteXnsive 1o0di ficati on to
one of the original ( asi no pulselines. It is locattd
adjacet( to SiO a111nd shares its Marx gellnerator.
'Ibis uniquLICe asrrngement al s a user to cxposc
his experimelit to the gammna ravs fromt I'A S or
to the x-rav s from Ca ;sino Without m1ov0ing tile cx-
perinictit. Plans arte currentlyt uInderway! which \w ill
allow1 ( aWin() andI I TA( S to be fired si muIltaneo lusv

if need be, SO that thle comb1hietd effects (of tile tO
ionizing radiation spectra can be assessed.

TAGS and Casino tire into an exposure cclI adij:-
cent to the Phoenix test cell. [he 11aoult O Iftle

three machines is shown on the main floor plan (If

the Casin1o Facility, Figure 3.

TECHNICIANS MAJOR MAINT.
OFFICE CNE

CUSTOMER OFFICE SPACE

DOSIMETRY
LAB

DOSIMETRY
LAB >

I.'Cil,'ut I). ilk' JPh~'wix, ((isifllo II. tim/ 1 l(6S
Simui~ltitorI r1i() atit S 



Febetron 706 Table 4. System Specifications for the
Febtron )06

'I'he Ilctron '(06 is the smallest of the flash
x-ray machines available at NSW(. Despite its

Small size, the FebctroIl 70h6 is an extremely useful

machine for nuclear weapons effects testing be-

CalUSe of' its extremely short (3- i [s) pulse width.
Ihe '06 delivers approximiately I()) rads(Si) in i
uis at thle target face over ;an arca about tile size of

a dimelie li is is equivalent to a gammrna dose rate on

the order of' 2.5 x 1)"'' rads(Si)/sec. The rate falls
to about 2 x I() rads(Si)/sec. over a substalntially

larger exposure area, about a foot from the target
face. 'Ihese rates couplCd with the 4 ls pulse
width make the '(6 ideally suited to the testing of
radiation detectors and triggers, * especially those
used to initiate circumvention and radiation pro-
tection anid recovery circuits. '[Ihe machine is also
very useful for determining the dose limiting value
for logic upset or switching of small high-speed
components in the short pulse regime. The 600
keV electron beam of the 706 has also been used
for tracking down certain types of component
failures caused by x-rays. A photograph of the
706 instrumentation is shown in Figure 4. and a

list of its perforlmance characteristics is shown in
Table 4.

T'Fo protuct cqUipml f11t fromt tactical sizCe nuclear weapons.
detectors mltt a-spond to rc1atisey lo\\ dto|s rates With puiItS
widt hs C(qUt1 to or Icss thttia S mallt ,scc inds

l1.) 1/re j. Ic/`btefr l 'U6 (olitro()l C oillole

TOTAL. (I11' MT BEAM
ENERNGY 12 joules

ourtIu'I' (:t'RREN'I' nsc
PlLSE D)tRATI()N
(IWIINM)

MAXIMIM 3BEAM 8 jouCS. C12

IENERGY I)ENSITY (ON
AXIS, AT'l 'UBE FA(CE)

SURFA(CE DO)SE IN 4 Mrads

ALlMINIM. 1/1i AWAY
FROM THE FACE

LINEAR EXTRAPOLATED) 100 mg/cm'
RAN(GE IN Al. 600 KeV
EQUIVALENT ELECTRON
ENER(GY

X-RAY 01IPl "'';

I'PLSE DURATION >j nsec,
(FWIIM)

X-RAY )(SE/PlULSE MAX.
Ut SST OUTSIDEl X-RAY

TARGET) 1010 rads(Si)
12" FROM TItBE FACE 80 mrads(5i)
X-RAY RATE OUTSIDE 2.5 x 101"' radc(si)/sCC
IARG( E

Fl Bl.IlRON -06

Febetron 705

The (05 is an extremely useful simulator because

of its ability to do a large varietv of NWE testing.
The 2. MeV bremisstrahlung output of the 't)5 is

well suited to gammia ray testing of components
and circuits. At the target face the radiation inten-
sit per pulse is around -I)))) rads(Si). 'Ihe full-

widthi, half-maximum of the (05's radiation pulse
is nominallyv 2.5 ns and the gammuna rate is approxi-
niatel I .5 x it)' rads(SiO/sec. Ihis rate isav aila-

ble over anl area slightly smaller than a quarter

8



which is sufficient for most component response
testing. At 3() cm from the target face, the ex-
posure rate drops to 5 x 10(8 rads(Si)/sec over an
area of about 4)( square cmi. Here the rate is well
suited to response testing of tactical electronic cir-
cuits. The pulse width of the 705 strikes a happy
medium for most prompt gamma ray effects tests.

The 7(5 is simple and inexpensive to use and its
radiation output is very reproducible. 'The Marx
generator of the 705 can be charged from about 12
kV to 35 kV resulting in electron pulses with ener-
gies from about 60() keV to 2.3 MeV, respectively.
The 35 kV charging level is the most frequently
used operating mode. The 705 call be fired at a
rate of about one shot every five minutes. Occa-
sionally this rate has to be interrupted to allow the
machine to cool. The 7(05 can also be used in the
electron beam mode. A charging voltage 35 kV call
produce an electron beam with a pulse width of
50ns and a total energy of about 400 joules.

In both modes of operation, the 7()5 uses a dc
magnetic field to focus the electron beam. This
field can be several hundred gauss at the x-ray tar-
get holder with the strongest field lying along the
axis. The experimenter should be aware of the
presence of this field and its possible effects on ex-
perimental apparatus and circuit response. Except
for experiments involving magnetically sensitive
parts, the presence of the field is seldom a
problem. A photograph of the Febetron 7(05 is
shown in Figure 5, and a description of its norimnal
output characteristics is presented in Table 5.

Figure 5. Febetron () S

T7able 5. T'pical Operating Characteristics fn the
I'ebet'on -0 5 aind -05X laish X-Ray Maicbhines

FkBl.lT'R()N (15 (5 X

MAXIMI'M 35 k\ i0 k\
('liAR(iINi
\'()I:FlA(.i

TU'B'E VOlTA(,I 2 3 McV ' 2 8 M('
(MAX. iLE-
IRON FNER(,;Y

'lOAL I BAM #00 . S90 .1
ENI:R(GY PFR
I'['lSE

PEAK 5()()() A 00)0)0) A
ELECTRON
111AM (:l'RRE.N'

I''L[SE WIlDl'l 
(I:\X'IIM)

MODE 20-50 ns 20-( ) ns
X-RAY M(I: 20-25 ls 20 295 ns

GAMMA RAT'
A'l'lBE FA([E
(AN()I)I ) 1.5 x 10'l raid, 2 5 x I0t) rad'

(Si)/'ck ,SOSC)
30 (:M FROM
ItUBE FAC(E 5 x I0, raids I x 1(0 rdls

(Si)/ CC Si'4'. c)

(,A.MMA RANY
INTNSI'IY PER
I''LSIE AT
'IAR(,I.'I -it)()( rads (Si) 0)20)) rjd, ISi)
61) cm FROM

TAR(I' E5-20 rds I si) 25 rads (Si)

Febetron 705X
'T'he T05X is a specially modified version o(f tthe

'705 vhich is capable of generating a peak electron
beam energy of about 2.8 Mt\' and a correspond-
ingly higher hremsstrahlUlIg outpIlt and higher
average photon energy. The x-ray intensitx of' the
T(5X at the target face is about S() percenlt higher
than that ol the '05. In all other respects thle *oSX



is identical to the ')5. It is equipped with a water-
cooled f(clusinig Ima.Ignlet which allows for b)ealm ex-
traction at the higher operating voltage and per-
mits a higher shot rate than is possible with the
air-cooled 705.

T'he real UttilitV of the 7( SX is its ability to ex-
pose larger pieces of' electronic equipeinC1t to

prompt gamma rates and spectruLm1l similar to those
loutid in tactical environlments.

Cobalt 60

A 2000-cUrie cobalt 60 source is also available at
NSW(. 'The source is a self-conItain1ed unit with
two small exposure chambers (10" x 10" square
anIll I-i" deep) bor irradiating components and cir-

ctits with 1.25 MeV gamma rays. Corkscrew holes
give access to the exposure chambers from the out-
side and allow power supply and data cables to be
connected betwveen the test specimens and in-
struntentation. IThe source is ideal for small active
experiments and components testing. A photo-
graph of the cobalt 60 source is shown in Figure 6,
anid a dimensional sketch of the cobalt 60 source is
shown in Figure 7.

CABLE ENTRANCE TOP VIEW SKETCH
WITH SOURCE SHIELD REMOVED

Figure 7. Sketch o (COWO Source

NOTES Bounded Wave EMP
Simulator

The Naval Ordnance Transient Electromagnetic
Simulator (NOTES) is a bounded wave simulator
(BWS) which produces an electromagnetic pulse
(EMP). This facility produces a vertically polarized
E-field peaking at 100 kV/m with a rise time of less
than 10 ns and a fall time of about I us. A 90 per-
cent uniform field will be available in a working
volume 8 meters by 2 meters by 6 meters high.
'This facility is scheduled to be in operation the
end of fiscal year 1990 at D)ahlgren, Virginia. A
sketch of the NOTES BWS is shown in Figure 8.

TERMINATOR CORONA
ASSEMBLY St

PULSER BUILDING

.>~~ .~~ ~ ' -Zsu ~TOP PLATE

- WORKING VOLUME

F'iglture 8. X BTI S R1tA

to)

SOURCE
SHIELD
LOCATION NO. 1

Oi/@- ().<.)00 .Sourcet



Electronically Driven Explosive
Shock Simulator (EDESS)

EDESS is a vertical axis shock generator capable
of producing MIL-S-901 type shocks in a wide
range of payload weights. EDIESS uses stored clCC-

trical energy to develop simulated underwater ex-
plosive (UINDEX) shock 1w means of the magnetic
repulsive force developed between pairs of spirallN
wound electromagnetic coils.

A wide range of mounting options are availahle
or can be fabricated in-house to facilitate testing
equipments to shock levels greater than 100 g's
and 10 ft/sec for payloads up to IS tons. l'I)lSS
generates highly repeatable. infinitely variable
shocks over the full range of the simulator.

A wide range of data acquisition and recording
eqluLipIlmlet is available in-house. Specialized shock

instrumentaltion and altAyV SiS Support is avtailablc in

conliunlction With the NSW( shock test group. A
photograph of the EtDlSS m achinc is shown in
Figure 9

f i/,}lre) 9 :fl -A

I I
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EMPRESS II - One-Fourth-Scale
Electromagnetic Pulse Generator

Bsy nid-1 1)90. the I N11'Rl:SS l P roof-of- Principic
l'tilscr xvill he installtd anld opurati onal at NSWC
'I'his puiscr is a on)1c-quarter scale wvorking model of'
hc l ,PRl'`SS l1 tIrcc-f'ickl EM11 pulser used 1) the

Navv t o Iest surrtace (ombrhatant s to thc full threat
FAIP L' \(-I 'lhc proof-ol-princ iple pul-scr will hti
used as a dircut-illjUCtion rather than a fre-fiield
tcst l:tciliiv for Simlal oionl of high atitinudI clCC-
Iromaigilgnli pt0lIS' u.1 6l f itV will be Su1iale.6 for
lesting power hies, com uication lines, and
rdlated equt[ipniun1it T'hIe puLllscr will be adaiptable for
radiated FM j) iesis and i nsnilt ioll breakdown tests.
A sketzch of tfhe proof-of-principle pulser is shown
in Figure 11} TI'he pulscr performance parameters,
facility' diagnostic data, and test object data follox:

PI;LSER PlVRFORMANCE DATA:

* Ou tp1ut Xtagu 1 ()() kV to 2 MV
* Pulscr Iifffectivc Impedance: 60 to 61)0) ohms
* Rise 'Time () to peak): 11 to 20 ns
* I)ccay 'Timc (peak to l/c of peak): 51)1) ls to

1/5 is
* P'olaritv: Re ersible
* (Charging Tiell: (6() seconds

EA(11I'IY tIAGNOS(TIC D)A'TA

* Pulser Charge Voltage
* Monololne Output Voltage (inclulding rise time.

decaV time)
* Marx Output Voltage

Tl ST' OBJECT l)ATA:

* Pulse Voltage and Current
* Test item Internal Voltages and C(urreits
* Opern-Shuttcr Photography D)uritng Test

TEST OBJECT ENCLOSURE

18'

IF',,ttJ( /I H. l'Jr l UI/- Of- J ilt/)/t' Pld/Msv'
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Using the Facilities
Eligibility

Thec NSNW'C radiation facilities mal! be used hb

any agency of the 1.S. Government or any- coti-
mcrcial organization working on radiation effects
under contract to [)oD.

ProspectivC users may make inqluiries about the

facilitics or their usC by calling or -writing the Flc-
tronics Hardening Branch at NSWC( White Oak.
The telephone nullmber is:

(202) 394-18'8

The address is:

Naval Surfacc Warfare (Center
White Oak L1aboratorv
Attn: Code H23( Ops Assistant
1(901 New Hampshire Avenue
Silxer Spring. MI) 20903-500()

Scheduling
All scheduling and arrangements aire coordinated

by the Operations Assistant (OA). The 0A call ad-
x\ise xou on the administrative procedures, sched-
ule openings. and costs. If you have technical
(eLustio1ns the OA will put you in contact x-ith a

technical staff member who call ansvwer them.

ProspcctivC users who have never visited the facili-
ties or vvho have not visited them for somnc tinic
alre encouraged to do so bhf)re p-laing an experi-

ment in great dtttail. [he ;arrangements for thiese

visits are also coordinated lh! the ()A.
The N SW( radiation facilities have been or-

ganlizedL to he User friendly. The staff anld anialge-

mnilt have done evervthing possible to rcedluce the
administ rative hburdent Onl the User to an absohIiutC

miinimiuim and to make tile lusers' xpermimnt at

NSWC a prodLIctivC cxperinlcC. I lo\evcr, if \Nc

aire to he SLuCCeSSfIll, the User muLISt ftOllt)\\ the Cs-

tablishied procedures (Getting anl carlk start is t lte
first step.

1The NSWC facilities, especiaill thc Casino. Pholie-

nix, and TA(GS machines. a re nornallv heavt\ilv sub-
scribed. It is important, therefore, that a user
SChedule t his experiment as far i) aLIdx'anlCC aIS po)Ssi-

hle. For the major machines three mmt lit1s is CeO i-

sidcred a milinimum lead time: six months is a bct-
tcr arrangement since there ire several thinigs
WhiCh msillSt occur before an experiment at111 act Ial-

Iv take place. A lead time of tWo to threc months
is recommended for smaller machines.

Once at user is scheduled, certain administritiv
atid planning obligations are reqlired so that
schdLuling can COntillnue to 111mov along StllOOthl'.
A list of these, laid out for a twentVv-fiVOr week
lead time, is given in Figurc I 1.

WEEKS

STAGES 0 2 4 6 8 1) 1 2 1 4 16 18 20 22 24

I. Initial (onlt.ac t

2. Prcliminanr \ iit *

. ('cncralI I'rogram P'lIan _

4. Iiahilitm Agreemnt __

5. I ransler of l1ISn _

( SeCLrit\ (CIliranccs on tile _

- I)eiailt 'Itechnical 'IC,( 11l111 

8 ItchnicalA PaLUi111tg Meetilg At sit =

)I twi% ',ed and I inal] ICt,'[ Ianl

s o hip Nhaeri.l o site _

I 1()l-it St1t11C _ I_

12 I \perimnel start- _

Fi�ure / /. schedilling tist



litnis 3. i. 6. ) antd - or 9 ;ts appropriate from
figiLrc I I ,slit tid be on til hIcblort a ii Cx perimelint
l)gitIS IIn SIpetial CASCSe. St0IneC OI' t hesC 'CqLire-
mcnits limtx bic cOllhillt'd 0l xxajcixtd to tIacilitatc
(lt0Itlttt Oftilt( tthe t tiltids br. scheduled ttsts must
bc' rct't't'ixctl at Ieast It\t tni ioltlhs b)te'ore t lt sclicd-
tiledl iSt or the rCsev\Cd t imie ni\ he h 'orl'ctcd Lin-

less t iihcr arranllgcmIlclIlts ha;ve h1tenli '1m1d T

I'tC(jLkirCt(f 1(,10C ,LMCHS Arc't Otlflilletd ill N11C tolMOsil~g

General Program Plan (GPP)
'1T1 (,1'1' is thy initial t'ormial conltact d loIumIlt

hct\vccn tilc prospecti\v uLscr alld NSWC. 'The prin-
cipa;l llrp()osc of t1t' (&PP is to proxide :1n over-
\ icx of' ilhe lr pro(sct test so t hat thc facility staff'
at NSWC canl obhtain some initial insight into thle

olijccti\xs :tand tlit scope of' thle test and telintat ivl
place it ill th sclhedulC. 'Ihe (,I'PP shoUld present
the f'ollo\\ing infornmation:

1. Til c of' *xperimntit

2. Agenctx name or contractor and number
3. O(bjecti\ c

l )esired Simulaol-
.Tpe of test (i e. x-rax. c-beam. ct. e

6. Proposed Scihedutle
Funding \rraingenients (( orporate check. M1111,
etc. 

8. Program \\hat program is tlhe test relatet toy)
9). Participants (list key contact ald 1p11 hone

numlIer.

Liability Agreement

('tCalili Utistes of lt NS\V (. ldiAlioil FACilities
aVlit'he r(.e.LuireC t lo lilt .l lilbililt a)greuiet' btfore

usilig tllhe 1l3tiliCiS. \S a1 gtL'l lnal iLile. Ag'ncieS ol
the I S. ( ixcrlmeti I erxempt lr1'rmli this require-
IlCIllt as art' u1sers \\ho lita- \\ orki ng 011 expe riments
fund1edI b\ \lll1lT. ( rtlalill contI ctIors xho p10 lb\
c o)rpt ()ro c check nau\ aNsO be exLemI prul 1\ idilig

thN tanl sho\\ that the legah l a;grt'Ieemcns hAx e
StllistiCed in lie ( oxertillni ('01111on ACt' un1der \\litil
htex arc \\x rking

Transfer of Funds

FuLnds may be transferred to the Radiation Facili-
tv il several ways. Corporate checks max be used
or the sponsoring agenc' or organization may'
MIPR (Militar' Interdepartmental Purchasc ReqttCst)
the monex to NSWC(. Checks ShOUld he Imnailed to
thie Facilitv address and MllPRs should be addressed
to the attention of the Operations Assistant. When
estillatilng thte amoun1t of funds to send, keep il
miind that the dailx rate onlx covers the actual test
alnd setupL; if other serxices are coitemplated., SuCh

as milcachining, optionial dosiiectry' electronics fabri-
catliol, shippinig, etc., extra t'nlids for these scrx-
ices ShOUt.d hli added to the funding transferred.
Cost estimates anid rates are axailable from the
Operations Assistant. All fUinds should he ill-1iOISC

iettore testing begins. ''he mailing address is:

Naxal Surface Warfare Center
White Oak Laboratorv
Attn: Operationis Assistalit

(Code H23. Bldg. 132
Silvcr Spring, MD) 20903-5000

Security Clearances

(learanices niust he on file for e'ery person x'ho
xxill x'isit the facilities or participate in the cxlferi-
nient. Clearance retLtlests should he sent to:

N:tv\ail Surface \W'arfare (Ceniter
White Oak Llaboratorx
Atin: Recept ionist/\'isitor Control, (Co"de X I1
109)0()1 Nex'w Ililnshiirc AvenLue

Silver Spring, Nl) 20903-5S)()()

'l'ht'li pill tl'i C0111iat't shouldlt h the (O)ptrationis
Assistant, Cootl 112i.

I 'i



Detailed Technical Test
Plan (DTTP)

The l)TTP is the technical working documIent
for the experiment. 'The I)TTP should list all of the
details pertinent to the setup and Conduct of the
test. It should be developed in sufficient detail to
let the NSWC staff set up the machine anid provide
all of the required supporting services in a proper
and timcly manner. Incomplete I)'l''ls are proba-
bly responsible for more delays, misunderstand-
ings; and poor experiments than any other single
factor. Tihe user shoultd file his 1)'1''l' at least Isso
weeks prior to his pre-tcst meeting at the site. '[his
will give the staff time to review the 1)'1'i'l1 and
have a list of questions for the user at the time of
the mecting. At the meeting, the D'I"l'll will be dis-
cussed in detail anid changed or modified as ap-
propriate. The user will incorporate the changtes
and file the Revised and Final 'lest Pllan prior to
reporting for the actuoal test. The ()A wvill furnish
each user wvith a standard 1)'1"''1 format to help
with his preparation of the DI"''P. 'Ihe I)TTP wvill
include the following items:

I. ritle

2. Agency Name (or contractor's ntamiec)

3. Specific Objectives of the Test

-4. Technical Approach (The user should address
the following items in the 'Technical Approach)

a. Description of the Test Specimen-Describe as
completely as possible the details of the test
specimen, including its dimensions, desired
placement in front of the machine, any1 sup-
porting hardware, and ain\ special handling
precautions. Are there any explosives in the
test specimen or liquids or gases which might
explode when exposed to heat or radiation?

l. Support lIqUipmI1Cn1t-l)scrihb thile eLlipmnctit
that voU wsill bring to the test and w\here it
ss ill be located during the test. i.e., in the test
cell or the rf screen room. etc.. \ lhat is its
futllion, its si/c. and its weigltI

C. (ColklCt-I)escribe howv the test ssill be con-

duCted. Show the test setups for each series of
Shots. If vou intend to fire the m ethinile, indi-
Cate it here. Will the test be active or p;ISSke?

Will there he ai\ special timing re(qUired'P
1)escribe it.

5. IaCilitV Support

a. Radiation D)iagnostics-l)scribc the radiation
di;agn1ostiCs suppjort w\hich will he reqllired,

the type: ;andill numer ot' meisuremlen1ts
desired per shot, and the dose or dose rawt
levels necessary to meet \our test require-
nitits. 'l'h degree of dose and dlose rate
un1iformity over the test area is also im por-
tanilt and should be included.

b. InstruLImenltaltioi-I)cscribe, in detail. tlie in-
strumenl tation support that will be required.
list ;all of' the cables. equtliplmntul an1d datat

channels that you wish the facilit v to furnish
and anl\' special power requirei ents other
than 120 \'AC, 60() Hz.

C. MeCI1hanicIal Fixturcs-I 'sing shop sketches.
describe ainy special fixtures or jigs that v)iu
want the Facility to furnish.

d. lhotography-List the photographic services
sou swill reluirc.

c. Handling-D)escribc any special handling
equipment that Vou -will need, Such as fork
lifts, cranes, hoists, etc.

f. Iransportation and Storage-D)escrihe ain
special storage requiremeinits (classified,
refrigerated. etc.) and transportation supp )rt

that soui wsill need.

Ihc information in the DT)'I'll is designed to> help
us provide \Ol \vith the best test support possibl1.
It has evolved to its prescnt )orm atter mtaix s Nears
of successful simulaLtion testing. Feel tree to add
aln% pertinent information to the 1)1D IP that you
think is important to the conduct of our test

ii5



Radiation Diagnostics
A divcrse svstum of user-oriented radiation diag-

nostics is availablc for chiaracterizing and measur-
ing thu photon radiat ion from the NSWC nuclear
weapons eit'ct simnulators. 'I'hc typical diagnostics
of' interest to users are the dlose anld dose rate
nieasurements. The standard dos. diatgnostic is the
therinOluinincSelnt dosimeter ('11.1)) which is used
in conlunctionl w.ith a scintillator-photodiode pho-
todetector to deturminill the peak dosc rtte. '[Ihe
(lose and dlose rate VAluCes are calibrated in terms of

rads(( Cal ) and rads ((C. F,)/scc. respectiv'ely. Thesu
Naltuis a1ii bu converteud to rads(Si) and ra ds(Si)/sc
upon request Available options include: spectrom-
cters, pinhole camicras, and additional photodetec-
tors. 'I'thc following paragraphs highlight the
radiatio n diagnostics used at the Facility

Dose Diagnostics

'lihe primtarv radiationl dose diagnostic used at
NSWVC is thu calciumL tluoride manganese-activated
(C(aFl Mn) 'l'l.D). TI')s are used with all the radia-
tion sources described in this hrochure. Two types
of CalF,: Mn TI')s arc in USC: ( I ) I () percent
(al2,:Mn (hot pressed chips and rods) and (2) 5
percent ClaF2 :Mn in a teflon-disc mtatrix 'The
IChip' haS a useful dose range troI1 t).(1 to
l(H ()() rads((CaF ,. Th11e 'diSC '11.1) h1aS a1 useful

range from about 5o to 3(0,)((() ratds(CaF,). ) luil
type (alMn 'I'll)s are also available. but are sel-
domi used for simulator diagnostics. All T'I)s are

normally packaged in aluminum, equilibrium shield
capsules when thev are exposed to radiation. The
typical capsule measures about 0.5 inch diameter.
For the 0.6 MeV to 1.5 MeV machines, the cap-
sules are about 0. 125-inch thick, while for the
higher energy machines (> 2 MV\') the capsules are
ahout 3.5 times thicker. Smaller capsules are availa-
ble and can be used if the situation allows. A
photograph of the 1'LI)s and the shields is shown
in Figure 12.

When an exposed 'TI.) is heated, it gives off an
amount of light proportional to the radiation ex-
posure it received. ''he light is measured by a very
sensitive photomultiplier and electronically equated
to the radiation dose absorbed bv the '1'11); hence
the name thermoluminescent dosimeter. We use
the Hlarshabw Model 2000 T'lI) analyzers for the
majority of our '1'11) readouts. An Apple 11 com-
putter interfaced with the Harshaw, is used for data
processing and output formatting. 'l'e '1'11) data
are presented to the user in page format. 'I'll)s are
currently processed at a rate of one per 90) seconds
after a 15-minute set-up time per readout session
(see Figure 13). Readout of TLI)s is usually not
started until 60 minutes after an1 exposure in order
to minimize urrors from prompt thurmolumines-
cent fading effects A Victoreei '[1'1) analyzer is
available for the Fehbtron and Cobalt 6() users. If
vou are familiar with this type of equipment, we
can arrange for !oU to usc this analyzer on1 your
own l.

16
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Dose Rate Diagnostics

A scintillator-photodiode photodetector and
TlI)s can be used to determine the peak dose rate
at various locations of interest to the user. 'suallv
one photodetector is placed at a standard location
where the pulse shape is representative of the
pulse at the user's cxperiment. 'ITlIl)s are placed
around the user experiment at the actuil locations
where dose rate measurements are wanted. 'Ihe

(lose measured by each '1'11) is used to calibrate the

photodetector response in terms of rads/sec from
which the peak dose rate at each location call be
obtained. ''his calibration is done by relating the

integral of the photodetector pulse to the dose
measured by the '11l l)ividing the measured dose
by the peak dose rate gives a value we call the ef-
fective pulse duration. This value is different from

the measured Full Width Half Maximum (FIWHM)
of the pulse and should not be confused with it

1iigure 1 S. I)osimnethi' LJtlh

Optional Diagnostics

'T'he following diagnostics are available at NSNX('
hut are not part of the standard dosimctry pack-
age. ''he use of these diagnostics must be spccit'i-
cally requested in the D)TTP and the details
worked out with the Facility D)osimctrist. 'T'her is
an additional charge for most of these services.

SpCectmi)flle'tt 

'T'he primarY diagIlostic used to characterize the
(;asinO and Plhocnix spectra is an absorption sphere

array spectromctcr. 'This spcctrometer provides
useful spectral data for photon energies from 1i)

keV to I MeV .The array uses spheres of various

materials and thicknesscs around individually
calibrated CaF,:Mn "chip''1 TI)s, '[his spectrome-
ter call provide a one-day turnaround of spectra
for diffcrent simulator configurations providing
calibration equipment is available.

Pinhole Phototraphj)

Pinhole photographs are occasionally uIscd to
identify and size radiation patterns produced b%
the machines. A dark room anid development lab is
available on site to process the pinhole camera

photographs. There is an extra charge for the use
of pinhole photography!

Photodetectors

Photoconductive photodetectors are currently
being developed for use at the facility I)ue to
their small size, these devices should be able to
measure the dose rate at various locations in and
around the user's experiment that are currently utn-
available for direct measurement 'Ihe photodetec-
tors would be available in limited numbers and
would not be intended to totally replace the stan-

dard method of measuring dose rate. As the work
on1 these photodetectors is ongoing, their avail-
ability cannot be guaranteed.

li'



Instrumentation
General

1.0
The (Casillo/Phoenix/MA(PS instrLunlllcnt1tiofl is or-

galiiZCd into thll Si ulIttorl;)uttr SN'stWll (Sl)S) and

hC I SCr- ID);taSN yStelm (IDS)5). FIclh sN'StemII is at Comn-

puter controlled svsteml of high-speed transient

digitizers which acquires. analyzes, displays and
stores xNatctorru datta ill digital form.

11l ( -current s steims incluIdI Tekironix '912AI)
and Ic( r0! ()8()A 8818X A and 88281) digitizers
amid D)F( 1'1)1'-1 I andVAX( \AX tliIliCoiliptirs and ASI

86 and Z/enit h 280 microcoMILutcrs.

.75

.5

.25

Simi/ll/atr Da/t .System (SDS)

1[he Sl)S monitors the performance of the facili-
ty simulators and provides information to support
user testing. Its primary purpose is to track the
operattion of the machines and to help diagnose
malfunIctionis When theC occur. It also routinely
records the scintillator-photodiode wavcforms used
in the dose rate calkulltioll. Typical normalized
photodiode traces for the Casino/Phocnix. TA(;S.
and the Fehetron simulators are shown in Figures
I through 16.
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Figure 14b. Tj'pical Pboenix Photodiode
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Figure 16a. 7.pical Febetron ('6 Photodiode
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U ser Datai SYstem (JDS)

'Ihe [I)S is dedicated to the user and provides a
variety of fast and slow ehannels for gathering
radiation response information and pertormiance
data from the experiment. A simple data manipula-

tion program allows you to process your data.
Data are stored on hard disk and backed up on
floppy disk for processing at a later time.

Photographs of the Casino/Phoenix/'TA(GS in-
strumentation system are shown in Figures 17
through 19, respectively A list of the channels
available in the UD1)S is shown in Table 6.

Figure I-. facility) Daita Roon

0
0 20 40 60 80 100 120140160

nanosec

Figure 16b. Tipicial Febetron W)5 Photolioede

The waveforms recorded are different for each

machine bhut typically include: Marx voltage, pule

line voltage, diode voltage and current, photodi-

ode voltage, and calculated diode characteristics
SUCih as power, energy, inmpedance. When of in-

terest, the electron beam energy spectrumil and

po\Ner spectrum can be recorded. Any of this in-
formation is available to the interested user upon

reque st

Figure I8. ser I)alt Ro(om



Figure 19. Control Room

Ttable 6. I/DS Computerized Channels

No. Itern

-i Tektronix 7'912ADs
(100 k-lz - 50)0 MlIz)

2 ILetrov 6880A (1,400 Mlz)

2 L e(;roy LIeCroy 88281) (200 Mhz)

le'Croy 8818A (l()( MlIz)

I)SA602 D)igitiziing Signal
Analvzer (I (lHIz)

3*2 Ile(Lrov 821 2A (A to I) slow)

Niore consventional tpes of instrumentatlion can
also be made .available to the user on request.
Table - lists t be instrumentation equipment
reserved for customer use' The use of other instru
mens mnav also be arranged it the items are in
stock. 'Ihc I'l)S inst rumentation is housed in a
'tclass A'' rf shield room. A netv ork of' double-
shielded cables c onnect the instrumentation in this

room to the experiments in the Phoenix and the
Casino blockhouses. There are also conduits and
trenches for routing user-supplied cables into the
blockhouses from the rear of the user screen room
and other locations (see Figure 20).

Taible '. Conventional Instrumnentation

No. Item

8 700() Series oscilloscopes

8 C-5 1 cameras

Assorted meters, power supplies,
generators

I Video camera and recorder

48 Single-ended double-shielded signal
line cables

I Open 6-inch conduit for user-supplied
cables

Open 3-inch conduit for user-supplied
cables

Optional
If you intend to make use of the Casino/Phoenix

instrumentation system or any of the optional
equipment, !ou should include the equipment you
need and the details of 'our overall instrumenta-
tion scheme in the DTTP. Even if you intend to
furnish all of 'tour own equipment and cabling, the
details of vour instrumentation scheme, including
equipment location, power requirements, etc.,
should be included in the l)TTP. Requests for spe-
cial cable runs, fixtures, or equipment must be ar-
ranged wvith the instrumentation coordinator and
vou will be charged time and material for these.

YOU mav contact the Casino/Phoenix Instrumicn-
tation Coordinator (202) 39-4-2428 for additional
information on the available instrumentation or for
help wvith the preparation of the instrumentation
portion ol \'our plan. A message ma! also be left
s ith the OA at (202) 39 4-18-8.
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Casino/TAGS Blockhouse

USER ROOM CABLING LAYOUT 8/1 0/89

Fi(,ur'e 20. (It'indIitit rui s
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Phoenix Blockhouse



Supporting Facilities
Phoenix and Casino/TAGS
Exposure Cells

IhC P'hoe(nix radiat ion exposure cell measures 36
feel long by 19 fIetl wvid an1d has a ceiling height
of' 20) feet '[here is a 5 hb 6 foot seismic block in
he ce-l c of the roo(m at floor level. 'The roof of

the cell is rem1Ovxable shoUld the neeId arise to
Iov c n object into it wvlicil is larger thin the

loor. TIhe ccII is completely air-co( nditioned and

ventilated through special filters. An adequate sup-
ply of power outlets is provided within the cell.
The cell is an rf shield as well as a radiation shield.
The Casino/TAGS exposure cell is immediately ad-
jacent to the Phoenix cell and shares a common
wall. This cell measures 20 feet long hy 12 feet
wide and has a ceiling height of 12 feet. The Phoc-
nix and Casino/'TAGS exposure cells are shown in
Figure 2 1

LLLjl 
0:

I'it4l-)' 21. Pbovn ix meit (Csinl,/l7A (,S fxptosure cells
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User Data Room Casino/Phoenix

The User Data Room is located adjacent to the
(Casino/TAGS exposure cell and may he occupied
during operations. The room is an all steel rf en-
closure and has a shielding effectiveness of at least
120 dB for electric fields from I kliz to 1(0() Mhz
and plane wave fields from 40() MHz to l() (GI.
The portion of the room available to users meas-
ures 25 by 15 feet. The lUser Data Room can be
powered by a motor generator set to smnooth in-
coming Commercial power. Isolation I ransformers
are used to inhibit the transfer of noise into the
room via the power lines.

Secure Vault

The Casino Building has a large vault for storage
of classified hardware. The vault measures I 2 tect
by 1i feet and has a 3-foot door.

User Office
An office is available for users. This room ienas-

ures 1() feet by 14 feet. It contains an IBM-
compatible comlputer with modemn, a conference
table for data analysis, dustless chalkboatrds, basic
tools, and coat racks.

Trailer Area
The Casino Building can laccommodate two large

(50 x 10() feet) instrumentation trailers inside the
high bay adjacent to the exposure cells. Provisions
for power, air conditioning exhaust, and in-
strumentation conduits are available in the trailer
area.

Machine Shop

A wide range of design and fabrication tech-
niques are available in the facility machine shoop

(see Figure 22). Qualified machinists are available
to fabricate hardware to meet user's needs.

lierure 22. .llchine Shop
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Febetrons and Co6O Exposure
Rooms

lhc cbet ronis (')5, -(5X, and 706) and the
( o() source are houIseed on the lowver levcl of the
Navy's Vulncrability and I lardeining Building in ;1
scrics ol x-ray exposSurc rooms. A plan view of

these rooms is shown in Figurc 23. A detailed
dimensioned sketch of the Febetron room is shown
in Figure 2-i All three of the Febetrons are located
in this room. '[he other rooms arc similar.

Figure 23. PIIn View f o VSW'C
[laish X-Ra t Facilitites
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I)ata and control cables for Fcebton experiments
are typically routcd via cable ladders from the ex-
posure rooms to the control rooms. Users may oc-
cupv the control rooms wvhcn the machines are
fired. tscers may also locate their instrumentation
in the rf shield room if a quicter enviroiment is
necessary. Instrumentation can also be located im-
mediately adjacent to the (o6()( source.

Handling Equipment
48'

A 20-ton crane spans the entire trailer andl SimIlu-
lator area of the C(asino 13uilding's high bay. '[here
is a i-ton crine in the PhonIlix exposure cell.
'T'here are also three tork lifts and ain assortment of'
handcarts and portable lifting equLtilpInltI av-ailable.

2-a
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Security
All of the Facilities described in this brochure are

located within the NSWC interior securitv area.

1 Visit Requests (security clearances) must be onl
file at NSWC prior to the first visit to the Casino/
Phocnix/TAGS facility

2. Visit reCquSts should be forwarded to:

Naval Surface Warfare (Center
White Oak Laboratory
Attn: Rcccptionist/Visitor Control, Code X I1
1 ()90) 1 New Hampshire AVCe1nuc
Silver Spring, Ml) 2(90-50()((

3. Late visit requests may be telecopied to NSWC
at (202) 394-173/vcrification is (202) 394-1236.

4. All persons visiting the Casino/Phocnix/TAGS
Facility must sign in with the NSWC receptionist in
the Administration Building and be issued a badge.

U 'nescorted badges will only be issued to govern-
ment employees who have security clearances o01
file and D)ol) contractors who haveC Scurity clear-
ances and a memott from the Operations Assistant
requesting that they be unescortcd.

5. Badges Must be worn and must be visible at all
times while visiting NSWC.

6. Badges must be returned to the NSWC' recep-
tionist or guard up )on lea%'ilg tilhe scurd area,
wvihethier for luinch or for the day. New badges will
be issued b! the receptionist upon return.

- Cameras and tape recorders ;are not permitted
in the facility unless permission has been granted
by the NSWC ScCurity Officer prior to the visit.

8. Visitors wvith unescorted privileges ire restricted
to travel to and from Building 1 32 and the main
gate or the cafeteria/arcade area. Visitors should
not tour other areas of tile base uncscortcd.
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Safety
Flash x-ray macthliines pose t xo potenltial hazards

to pe.rsoinel when aire being operated: elcc-
lric shock and radiation exposure.

Silice tlle x- rad iat ion generated by all of' the
machi ines (except i(or tle (C()60 source) is transient
ili nature alnd o011 occLrs w'heni thle mAChlime ;ct U-
;1lly fil-es, there is n1o radiation hazard at ;any\, other
time. 1li a;ddition, thlle radiation is confined to the
ilnierior of the two blockhouses 'for C(asino/'l'A( S
aiid P'h)oenix, and1 1lhe exposure rooms for the Fe-
h.trons. All of these exposure areas irc equlLilpled
with saiftx' interlocks which lprevet a machine
from firing if' tilh area is not properly secured.

1 All pcrsolls visiting the (Casino/Phocnix/'l'A(S
facilit limust sign ill and out at the lain entrance
of' Building 1 32.

2. All persons 111ISt obtain a persollal Access Con-
trol System (A(.S) card from the Operations Assis-

tl. 'IThe A(.S card contains a persollahized code
which 'ill iderntify the person by name to the ac-
cess control mollitors at certain control poilts.
'Ihese cards are necssarx in order to make sure

cveryone in the building is at a safe locationl dur-
ing test shots. The ACS card must bc worn at all
times while in thc building.

3 All persons must obtain a radiation film badgc
from thc Operations Assistant an1d must wcar it at
a1ll times.

i. All uscrs of thc Facility must rcad and be
familiar Nvith the Standard Operating ProcCdure
(SOP) for user safety. A copy of this SOP will be
given to all users by the operations assistant.

S. When the Casino/Phocnix/'Tags machines arc
readv for firing, anl ann10oulncimeIlt will be made
over the PA system for all personinel to clear the
high and low bay areas. Please leave the specified
areas immcdiatclv and do not rcturnl ulntil further
notice is given.

6. When the announcecient, -SHOT'' COMPLETE',
AREAS ARE ()PENI'D TO ALI, PERSONNEL," is
madc, you max rcsumelC work in the high and low
bay areas.
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Travel and Accommodations
NSWC is convenient to Washington National Air-

port, D)ulles International Airport, and Baltimore-
Washington International Airport.

* From National Airport, drive north on the
(Gcorge Washington Parkway to the (Capital
Beltwav. 1-495. and turn North toward
Maryland. IExit 1-495 at MI)-65() (New Ilamip-
shire AvCenuc North, White Oak). [he (Center
is approximately 2 miles from the exit. Turn
right into the main gate and park in the visi-
tor's lot on the right. Walk to th i maill build-
ing and turn right inside of the door to the
reception room.

* From l)ulles, take the access road to 1-i95 a:nd
turn north to Maryliand. Follow the directions
above to NSWC.

* From Baltimiore-Washington International Air-
port. take the Baltimorc-Washington Elxpress-
way, 295, soLIth to Washington Elxit onto
1-i95 West, Silver Spring, and take the next
exit off l-495 to MD-65t) North, White Oak.
Proceed as above. \ou may also ContinluC on
the Baltimore-Washington Expressway to 1-95
North to 1-495 West. Silver Spring. and avoid
MD-l'S if you wish.

NEW HAMPSHIRE AVE. BALTIMORE

* A small map of the major highwavs and air-
ports and their locations relative to N S\W( is
shown in Figure 25.

* A malp of the NSW( WXhite Oak laboratory is
given in Figure 26.

'[here are numeroLnS ) 1U o mt l and hotel aeC C0111 o0-
dations near the (Center for your overnight stay.
We have listed a fewN for your Considedration.
Please note that this list is not an endorseiment of
these particular establishments.

A partial list of lodgilIg convenieinlt to the \\ hiit
Oak Area follovs:

Silver Spring - Capital B'eltwvay 11- i)5)
EIxits 3() or 3 I

lholiday hill (3( 1) 589-080()

8- (1corgia AVeLue
Silver Spring. Ml) 20910)

Sheraton ( O() 1 ) 589-520(0
872- Colcsville Road
Silver Spring, M) 209(1

BeltsvillC - (apital Beltway; (I- 195/1-95)
Exit 2' toward 1-95 Baltimore, Exit 291

Ramada in

5050 Poxovdcr Mill Road
Beltsville. MD) 20'05

(3( 1 ) 5 _- 100)

Route I - Capital BCetIway (- 195/1-95)
Exit 25

FIigtiir' 25. llijot- Igbthivtiyvs eind ARoucs
F1-olml -l ir/)or ts to \'S (t'

(oomfort Inn
9020) Baltimore Blvd.
(ollege Park. Ml) 20 W)

Ilolidla IInn
91 15 Baltimore Blvd.

(ollege Park, \I) 2F- It

llolida\s 11111

1000 Baltimore Bk d,
(.) liege Park XII) 2- #0

(31 ) 1 i I- 1 8 1 0

( I3 ) 9 i5-5000)
(3)1 ) i 3 5 6-00
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FACILITY

NUCLEAR EFFECTS COMPLEX
HYDROBALLISTICS
MAGNETIC SHIP MODELS
UtNDER SEA WEAPONS TANK
WIND TUNNELS
EXPLOSIVE RESEARCH
QUARTERS
MILLER HALL
ADMINISTRATIVE BUILDING
FIRE DEPT
NAVY TACTICAL SUPPORT ACTIVITY
(;ATE I (FRONT)
GATE 10 (BACK)
VISITOR PARKING

B UILDING

130, 132
427
206
409
400 AREA
300 AREA
A, B, C, M
T24
1, 2, 3, 4, 5, & A
100
90
19
T22
P

NSWC WHITE OAK LABORATORY
Silver Spring, Maryland
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